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ABSTRACT
An antireflection coating (ARC) containing polyvinyl alcohol and
two dyes was applied to a substrate to form a new multilayer resist
system.
Based on the results of the application of the ARC on a planar
aluminum substrate, an increase of the latitude of exposure and an
improvement of the resist image quality were found.
The ARC had a specific concentration of dyes and a specific
thickness. The image was a 1.0 pm line and space pattern. By
using the ARC, even though the resist thickness varied from 1.2 nm
to 1.5 urn, the resulting 1.0 urn image remained within a 10% toler
ance range.
This result was then used to apply the ARC technique on an
uneven aluminum substrate with a 0.5 |jm height step. The final
n
aluminum image was obtained by transferring the positive resist
image to the aluminum film. The ARC film can be etched by using
the same plasma etching as was used for the aluminum film
without
extra processing steps. Electron micrographs of 1.0 |jm line
images
of resist and aluminum with the ARC technique were compared with
the resist and aluminum 1.0 um line images without ARC as a demon
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INTRODUCTION
Photolithographic technology is in high demand today in the
integrated circuit industry. The major concern is to shrink minimum
geometries from above 3 um minimum feature size (MFS) to ~ 1 um or
submicron MFS in order to produce circuits with reduced power con
sumption and cycle time (higher speed). However, problems such as




standing waves which cause variations in the
5
radiation near the resist/substrate interface, and light scattering
from the highly reflective grainy metal substrates, have a significant
influence on photoresist linewidth control in conventional lithography
when trying to print
~ 1 um and submicron MFS geometries.
In order to overcome these problems, the Portable Conformable
Mask (PCM) was proposed by B. J. Lin.
'
This technique exposes
and develops the primary image on a thin and flat photoresist layer
which is coated over a planarizing layer of polymethylmethacrylate
(PMMA). PMMA is an excellent resist. Its extremely high contrast,
excellent adhesion, resolution and photosensitivity in the 200 to
240 nm region makes it an excellent bottom layer in the multilayer
scheme. The purpose of the bottom layer is to planarize the uneven
substrate and to ensure that the spin on the upper resist has very
little variation in thickness. Thickness variations will decrease the
MFS dimension control. The top layer of photoresist pattern is then
used as a mask to block the wavelength from 200-240 nm. The
substrate wafer, including the underlying PMMA resist layer, is
simply blanket-exposed in deep UV and the process is completed by
the development of the exposed PMMA. The PCM photoresist system
seems attractive, but there are several problems which arise when it
is put into practical use. First, an interface scum, which is diffi
cult to remove, occurs between the photoresist and the PMMA layer.
Second, when exposing the device wafers, the highly reflective
substrate will reflect the energy unevenly back to the photoresist
layer. A photoresist linewidth variation can occur.
In order to solve these problems, the trilevel scheme proposed
8 9
by workers at Bell Laboratories
'
uses SiO as a pattern transfer
mask and incorporates a selectively absorbing dye in the bottom
resist layer. The main difficulty with this scheme is process com
plexity and controllability. Three layers must be applied and imaged
in order to accomplish a single primary image. In addition, the dye
in the bottom layer can affect the integrity of the bottom layer.
By introducing the Antireflection Coating (ARC) between the
photoresist and substrate, these problems can be reduced.
The application of the ARC on an uneven aluminum substrate
has not been fully established in detail as yet. Further, only a few
works have been published specifically on the application of ARC on
a planar silicon or silicon dioxide wafer surface to reduce standing
wave problems.
In this work, a study is made of the application of the ARC on
planar and nonplanar aluminum substrate in order to reduce the
standing wave effect, increase the latitude of exposure, and absorb
unwanted reflections.
THEORY
The Reduction of Standing Waves
Image formation on a highly reflective aluminum substrate from
a photoprojection printing system is frustrated by the existance of
standing waves in the resist layer. The standing wave ratio at the
interface between the photoresist and aluminum can be calculated
approximately, for normal incidence, by considering the reflection
coefficient.
1/
(n1+n ) + k^ (1.68+0.47)
+ 4.84
Res ist / n
Aluminum n ; k
R = reflectance
n.. = refractive index of Kodak #820 positive resist (-1.68)




Neglecting absorbance effects, approximately 89% of the incident
energy is reflected from the interface. The interference in the
resist causes resist patterns that are ill-defined, especially in the
smaller geometries. The standing wave effect has been extensively
1 O 1 Q
studied.
'
With the introduction of ARC, the standing wave
14








refractive index of resist
n2
= refractive index of ARC
n3
=
refractive index of substrate









However, it is difficult to find the proper materials to fit the
requirements of the equations (i.e., n? and hn).
A thin polymer coating containing dyes was introduced to
reduce the standing wave effect. However, the proper adjustment of
the total optical thickness of the layers equal to an odd number of
exposing wavelength may produce a destructive interference. The
ARC technique can reduce standing wave effect, and can act as the
basis of generating fine line detail on the aluminum substrate.
The Increase of Exposing Latitude and the
Edge Sharpness of the Photoresist Intensity Profile
Photoresist linewidth and resolution are ultimately dependent
upon the intensity distribution of actinic radiation near the object
linewidth. This distribution is related to a classical Fraunhofer
diffraction pattern as shown in Figure 1. The toe region at both
sides of the intensity profile limits the linewidth control and resolu
tion capabilities, especially at smaller geometries. The modulation
transfer function proves this phenomenon. Figure 1 shows the
FIGURE 1
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8
energy leakage at the 1.0 um mask line region due to diffraction.
The application of the ARC could absorb much of the radiation that
passes through the photoresist and is reflected from the aluminum
surface. In this study, the intensity distribution at the mask line
edge was suppressed, thus increasing the edge sharpness of the
photoresist intensity profile, and extending the latitude of exposure.
Figure 2 shows the intensity profile changes when the ARC would be
applied between the photoresist and aluminum substrate under ideal
conditions .
The purpose of this part of the study was to investigate the
proposal that the application of the ARC can reduce standing waves,
increase the edge sharpness of the photoresist intensity profile and
extend the exposure latitude. This hypothesis was tried with the
ARC on a planar and an uneven aluminum substrate to explore the
effectiveness of ARC technique.
The Bulk Effect
A challenging problem in resist pattern generation is to achieve
good linewidth control, high resolution, and good step coverage
simultaneously. Good step coverage requires a thick resist. High
resolution and good linewidth control are reasonably obtained from a
thin resist. In many cases, the requirements are mutually exclu
sive. Device wafers have topography. The spun-on resist in the
vicinity of the step
indicates a thickness nonuniformity as shown in
Figure 3. Linewidth variations occur because the thin sections are
over_exposed, while the
thick section receives the correct exposure
FIGURE 3
Linewidth Variation Due to the Topography












or underexposure. This phenomenon is called the bulk effect. The
scanning electron micrograph (SEM) picture 1 illustrates this phe
nomena. By increasing the edge sharpness of the photoresist inten
sity profile and extending the latitude of exposure from the use of
ARC technique, the bulk effect could be reduced to a minimum.
Photoresist Image Quality
Sputtered aluminum film has a grainy surface. The scattering
of actinic radiation from the film surface causes the resist image to
be ill-defined, especially when a photoresist image adjacent to the
aluminum step edge, as shown in SEM picture 2. The application of
an ARC could provide a smooth surface for the photoresist coating
and absorb the reflection and scattering from those aluminum steps
which will improve the resist image quality.
Figure 4 shows the simulation program of the exposure dose
required for a one micron line and space pattern as a function of the
resist thickness of positive resist on a silicon substrate. The bulk
effect is evident by the gradual rise of the curve; and the standing
wave effect is evident by the periodic variation \/2n, or 128 nm for
an exposure wavelength of 436 nm. From the curve, a 25% exposure
difference due to the standing wave effect can occur with a 64 nm
thickness variation in one micron of resist. A similar exposure
difference due to the bulk effect requires a 400 nm resist thickness
variation. Both effects can combine near a step to result in severe
exposure variation and, therefore, severe linewidth control problems.
Aluminum substrates, with their greater reflectivity, further degrade
11
linewidth stability. With the application of the ARC technique, the





Simulated Exposure Dose for 1.0 um
Line and Space versus the Positive
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Resist Thickness Variation Due to
the Topography of Aluminum
Substrate with 0.5 um Step Height
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Resist Image Affect by Unwanted
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EXPERIMENTAL
A. Generation of 1.0 um Line and Space Resist Image on
a Planar Aluminum Surface With and Without ARC Technique
To investigate the hypothesis, six (6) samples with sputtered
planar aluminum substrate were prepared. Samples were divided into
two groups with three (3) samples for each group. Group B had
the ARC application. Group A only had single photoresist coating.
Each group had three types of resist coating thickness for each
sample. The use of different resist coating thickness was to inves
tigate the relations between the 1.0 um resist image linewidth varia
tion and resist coating thickness. The scanning electron
microscope
was used as linewidth measurement device. The curves of 1.0 um
linewidth variation vs. dose changes at different resist coating
thickness with and without ARC technique were plotted in Figure 6.
Preparation of Planar Aluminum Substrate
The aluminum substrate was obtained with
sputtered aluminum
film on bare silicon wafer in the sputtering
machine MRC-902 (Mater
ial Research Company, Orangeburg, New York)
at 100C, with a
base procedure less than 5
x
10-7
torr for 7 minutes. The aluminum
film had 99% aluminum and 1% silicon
with a film thickness of 1.0 um
0.1 um.
15
Preparation of ARC Solvent
As with any multilayer resist process, a complex interaction of
many variables takes place. For the development of the ARC tech
nique, the preparation of the ARC solvent system is a complex
process. The solvent used in ARC is critical. It must be different
from the photoresist organic solvent system or intermixing will occur
when the photoresist is coated over it. Water was used in the ARC
system. Polyvinyl alcohol was used to carry the dyes. Polyvinyl
alcohol is an inert and stable water-soluble material that has been
used as a vehicle to suspend photosensitive materials. It can be
hardened by softbaking a mixture with formaldehyde. After
baking, polyvinyl alcohol becomes a tough layer and is not soluble in
the water contained in the positive photoresist developer.
The dyes used in the ARC technique are critical also. Metanil
yellow and Nigrosin were studied by IBM workers, these two dyes
are very soluble in water and the polyvinyl alcohol carrier resin.
The coated film has a strong absorption at photoresist exposing
wavelengths and is stable during the high-temperature softbaking of
polyvinyl alcohol. Since a thinner ARC was required for easier
removal of the ARC, using two types of dyes could increase the
exposing wavelength absorption and cause less of a tendency to
precipitate while preparing the solvent, coating the film and
soft-
baking the ARC film. The solvent PRC-10 is for photoresist release
coating (Micro-polymer
Association Incorporated, Mountain View,
California) that contains 10%
(weight/volume of solvent) of molecular
weight 150,000 polyvinyl alcohol. This solvent was mixed with 1.0%
16
(weight/volume of solvent) of the dye Metanil Yellow; 0.5% of the
dye Nigrosin (as shown in Appendix A) and 4% (weight/volume of
solvent) of formaldehyde. Dyes were purchased from the Aldrich
Chemical Company, Milwaukee, Wisconsin. The mixed solutions were
coated on a quartz plate with an MTI coating machine (Machine
Technology Incorporated, Whippang, New Jersey). The spin speed
and time are 2500 RPM and 30 seconds. The quartz plate was put
into a conventional air flow oven (Blue Electric Company, Blue
Island, Illinois), and softbaked at 190C for 30 minutes. The
resulting film thickness, 0.3 um was measured by an Alpha Step
profilometer (Tencor Instruments, Mountain View, California). The
absorption spectra was obtained with the plate in a Beckman Model
26 spectrophotometer. The absorption spectra is shown in Figure 5.
Application of ARC
Group B then was coated with ARC on an MTI coating machine
with the same parameters used to coat the quartz plate. The result
ing film thickness was 0.3 um.
Application of Positive Photoresist
Both groups were coated with a new commercial Kodak positive
photoresist, FR-4760-12-1
(Eastman Kodak Company, Rochester, New
York). Three resist thicknesses were applied on each group. The
spin speed and time were 3500, 3000, 2000 RPM for 30 seconds.
After the resist coating was applied, the
substrates were baked at
90C for 45 minutes in a conventional air flow
oven. The resulting
photoresist film thicknesses were 1.0 um, 1.2 um and 1.5 um.
17
Generation of Primary Image on Positive Resist Layer
The wafers were exposed on an Optimetrix 8010 step-and-repeat
camera (Optimetrix Company, Mountain View, California) with a
standard Kodak resolution pattern reticle. The exposure matrix was
started at 520 milliseconds for Group A and 300 milliseconds for
Group B, each group being increased by 20 millisecond increments.
The exposed wafers were developed with Kodak-809 (Eastman Kodak
Company, Rochester, New York), commercial positive photoresist
developer, and water in a 4:1 (by volume) solution on a Kasper 4500
developing machine (Eaton Semiconductor Equipment, Mountain View,
California). 1.0 p line and space resist images were evaluated with
scanning electron micrographs taken on a Hitachi S-450 scanning
electron microscope. The magnification was 10,000 X. The curves
of 1.0 um line and space resist image variation vs. the exposure
dose from each sample are plotted in Figure 6. The linewidth varia
tion was found to be decreased by using the ARC method.
In order to confirm this finding, another experiment run was
duplicated. Upon plotting, the data set was coincident with the first
set data, but had an average deviation that
was different from the
original reading of -1000 A.
The SEM error was reported as 5% at
10,000 X. The results (shown in Figure 6) clearly show proof of
increasing the latitude of
exposure and the edge sharpness of the
exposing
photoresist intensity profile. The linewidth variations were
reduced when using the ARC
technique. As for checking the stand
ing wave phenomena, scanning
electron micrographs were used to
compare the results.
18
B. Generation of 1.0 um Line and Space Resist Image on an
Uneven Aluminum Surface With and Without ARC Techniques
Based on the results of experiment A, the photoresist coating
with and without ARC technique were applied on an uneven aluminum
substrate with 0.5 um height steps on its surface. After the photo
resist image generation, 1.0 um line and space resist images were
examined from scanning electron micrographs (pictures 3 and 4) as
the demonstration of the effectiveness of the ARC technique.
Preparation of an Uneven Aluminum Substrate
The aluminum substrates with 0.5 um height steps on its sur
face were generated as follows:
1. Grow 0.5 um thermal oxide (Siop on
the bare silicon wafer on
a Direct Digital Control (DDC) Thermocoat C-l (Thermco pro
duct Corporation).
2. Spincoat the Kodak positive resist on Si02
and softbake at 90C
for 45 minutes (MTI coating machine).
3. Use Perkin-Elmer 240 to expose a 3.0
um-wide line, 3.0
urn-
space image (Perkin-Elmer Corporation).
4. Develop photoresist on
Kasper 4500 with Kodak 809 developer
4:1 with water.
5. Use BOE (Buffer Oxide Etch,
Allied Chemical Corporation) to
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Application of the ARC and Photoresist
The ARC then was applied on the substrate, using the same
method as described in Experiment A. Kodak positive resist FR-
4760-12-1 was used to coat on the surface. The spin speed was 3000
RPM. The cross section of the resist coating where it transverses
aluminum steps is shown in SEM picture 1. The resist thickness
variation was found to be 1.2 um-1.5um.
As mentioned in experiment A, three types of resist thicknesses
could be used to simulate the linewidth variation of the resist image
owing to resist coating thickness changes, which are shown in the
result of the experiment A.
Generation of Primary Image on Positive Resist Layer
The substrate was processed using the same procedure as
group B (in Experiment A). 1.0 um resist image was shown in SEM
pictures 3,4. SEM picture 3 shows that 1.0 um resist image pro
duces very little linewidth variation when the photoresist transverse
the steps. The latitude of exposure was found to be extended also.
The resist images which were adjacent or parallel to the edge of the
aluminum step were not affected by the reflection. Those pheno
menon were not found in the conventional single photoresist coating
as shown in SEM picture 4.
C. ARC and Aluminum Etch
The planar plasma etch machine plasma Fab 4200 (Energy
Transfer System, New Jersey) was used to transfer the primary
20
photoresist image to the ARC and aluminum film. The procedure
included a reactive frequency of 13.56 MHZ, and an automatic pres
sure control setting of 370 microns with He and CCl. gas flow at
30 cc/minute and 120 cc/minute for 8 minutes. The final aluminum
image was obtained by stripping photoresist on a Tegal 700 (Tegal
Company, Novato, California) 0 plasma dry etch machine at 65
watts, 100% 02 gas, 0.5 torr, and 70C for 7 minutes.
The aluminum line images are shown in SEM pictures 5,6.
21
RESULTS
Table 1 shows the absorption spectra of the ARC at different
wavelengths. The data was collected at the 380-500 nm region. The
absorption curve is shown in Figure 5. Tables 2-3 show 1.0 um
resist image linewidth variations vs. dose changes with the single-
coated resist. Tables 4-5 indicate the 1.0 um resist image linewidth
variation that were reduced by the ARC technique. The curve of
Tables 2-5 were plotted together as shown in Figure 6 to compare
the differences.
22
TABLE 1. The absorption spectra of the ARC at 380-500 nm
region, for ARC absorption spectra on a quartz plate
in a Beckman Model 26 spectrophotometer.
All data is subtracted from the absorption spectra of










380 0.244 0.034 38
400 0.312 0.034 49
420 0.356 0.033 52
440 0.350 0.032 52
460 0.314 0.030 48
480 0.254 0.029 40
500 0.184 0.028 29
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TABLE 2. 1.0 um Resist Image Linewidth Variation vs. Dose
Changes (Run 1)
This list is for the single resist coating on the planar
aluminum substrate with three types of original resist
coating thickness.
1.0 um thick resist 1.2 urn thick resist 1.5 um thick resist
Linewidth Linewidth Linewidth
Dose variation Dose variation Dose variation
(mj/cm2) (um) (mj/cm2) (um) (mj/cm2) (nm)
75000 1.4 95000 1.5 120000 1.4
80000 1.3 105000 1.3 135000 1.1
85000 1.2 115000 1.2 150000 0.8
90000 1.0 125000 0.9 165000 0.6
95000 0.6 135000 0.7
100000 0.5 145000 0.6
24
TABLE 3. 1.0 um Resist Image Linewidth Variation vs. Dose
Changes (Run 2)
This list is for the single resist coating on the planar
aluminum substrate with three types of original resist
coating thickness.










75000 1.5 95000 1.5 120000 1.5
80000 1.3 105000 1.4 135000 1.0
85000 1.1 115000 1.2 150000 0.9
90000 0.9 125000 1.0 165000 0.7
95000 0.7 135000 0.7
100000 0.5 145000 0.5
25
TABLE 4. 1.0 Mm Resist Image Linewidth Variation vs. Dose
Changes (Run 1)
This list is for the ARC application before the resist
coating was applied to the planar aluminum substrate
with three kinds of original resist coating thickness.
















140000 1.4 160000 1.5 180000 1.5
160000 1.3 180000 1.3 200000 1.4
180000 1.1 200000 1.0 220000 1.1
200000 0.8 220000 0.9 240000 1.0
220000 0.7 240000 0.8 260000 0.9
240000 0.6 260000 0.7 280000 0.8
26
TABLE 5. 1.0 Mm Resist Image Linewidth Variation vs. Dose
Changes (Run 2)
This list is for the ARC application before the resist
coating was applied to the planar aluminum substrate
with three kinds of original resist coating thickness.
1.0 Mm thick resist 1.2 Mm thick resist 1.5 Mm thick resist
Linewidth Linewidth Linewidth
Dose variation Dose variation Dose variation
(mj/cm2) (Mm) (mj/cm2) (Mm) (mj/cm2) (Mm)
140000 1.5 160000 1.4 180000 1.4
160000 1.2 180000 1.3 200000 1.3
180000 1.1 200000 1.0 220000 1.2
200000 0.8 220000 0.8 240000 0.9
220000 0.6 240000 0.8 260000 0.8




Figure 5 shows the absorption spectra of the ARC. The wave
lengths of 435.8 nm and 404.5 nm were used to expose the wafer and
were found to have 52% and 49% absorption. The ARC absorbed
energy both from the incidence of incoming radiation and from the
reflection of the aluminum surface. Therefore, the total intensity
profile used to expose the substrate by using the ARC technique
changed from Figure 1 to Figure 2. As a result, the intensity
profile was sharpened and the latitude of exposure was extended.
It was also found that, with the application of the ARC, a
higher exposure dose was needed to expose the wafer.
1.0 Mm Resist Image Linewidth Variation vs.
Dose Change With and Without the ARC Technique
Figure 6 illustrates the effect of the ARC which increased the
latitude of exposure. This is an interesting observation because in
the microlithography system, the latitude of exposure for a 1.0 Mm
line and space image with 10% variation is quite small. For a single
resist coating of 1.0 Mm, 1.2 Mm, and
1.5 Mm, as shown in the
Figure, the latitude of exposure used to generate a 1.0 Mm line and














liseconds, 20 milliseconds, and 40 milliseconds. No overlapping was
found among the exposure ranges as shown in Figure 6, Curve 1, 2,
and 3. It appears that a selected dose cannot produce a 1.0 Mm
0.1 Mm line and space image on the aluminum substrate having
resist thickness variation of 0.2-0.3 Mm.
For curves 4, 5, and 6, it should be noted that by using the
ARC, the latitude of exposure at each resist coating thickness was
55 milliseconds, 70 milliseconds and 85 milliseconds. The increase in
the latitude of exposure at each resist coating thickness was by a
factor of 3.7, 3.5, and 2.1, respectively.
With the graphs and the data from Tables 2-5 and Figure 6, it
is clear that if the resist thickness variation is 1.2 Mm-1.5 Mm, a
selected dose could be used to expose the substrate to generate a
1.0 Mm line and space resist image with a 10% linewidth variation.
The ARC technique was then applied on an uneven aluminum sub
strate with 0.5 Mm step height, and a resist coating thickness varia
tion from 1.2 Mm to 1.5 Mm when resist was trasversed over step.
SEM picture 3 shows that no linewidth variation was found when
generating the 1.0 Mm line and space
resist image, and the latitude
of exposure was extended also.
Resist Image Quality
When the photoresist was coated on a bare aluminum substrate,
resist image generally was ill-defined
because of unwanted light
scattering, (i.e. reflection
both from grainy and uneven surfaces) as
shown in SEM picture 2. The application












































































the scattering and reflected radiation and meanwhile provide a
smooth surface for the application of the photoresist coating. SEM
picture 3 proves that the ARC technique improved the photoresist
image quality.
The standing wave effect on both the single coating method and
the ARC application was examined. The random scattering of reflec
tions from the uneven aluminum surface disturbs the uniformity of
the energy distribution (i.e. nodes and antinodes) of light coupling.
Due to the roughness of the aluminum substrate, some faint lines are
found on both photoresists in aluminum and ARC cases. The stand
ing wave effects have been reduced but not completely removed.
SEM pictures 3, 4 show the result.
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SEM PICTURE 3
1.0 Mm Resist Image Linewidth
Transverse 0.5 Mm Height Aluminum
Step by Using ARC Technique
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SEM PICTURE 4
1.0 Mm Resist Image Linewidth
Transverse 0.5 Mm Height
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SEM PICTURE 5
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SUMMARY AND CONCLUSION
It is clearly beneficial to apply ARC to a multilayer resist
system. As mentioned in the introduction, this will be of great help
in the semiconductor industry to generate fine line photoresist
images on uneven aluminum substrates with fewer process proce
dures .
The absorption spectra of ARC at wavelengths of 435.8 nm and
404.5 nm are 52% and 49%, which provide sufficient transmission for
the step-and-repeat camera Optimetrix 8010 to make alignment during
manufacturing stage. With the change of the exposing intensity
profile by the ARC film absorption, the latitude of exposure was
extended by factors of 3.7, 3.5 and 2.1 at the resist coating thick
ness of 1.0 Mm, 1.2 Mm and 1.5 Mm, respectively. The bulk effect
of this resist coating thickness variation from 1.2 Mm to 1.5 Mm was
then reduced.
The result also shows the possible limitation for the ARC tech
nique if the thickness variation is more than 0.3 Mm. The tech
niques of linewidth measurement for the 1.0 Mm line and space resist
image by using conventional visible
wavelengths are outdated because
light diffraction inhibits the measurements.
A scanning electron
microscope was used to measure the
linewidth with 5% error reported
by the vendor. The
more advanced planar plasma etch technique
used to transfer the resist
image to the ARC and aluminum film is
also a complex process
which will be left for further investigation.
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ERROR ANALYSIS
The basic process variables affecting linewidth control are the
photoresist, exposure dose, development process control (batch-to-
batch variation of developer, development temperature, and time
control), and defocus. An error estimate from individual contri
butors for the 1.0 Mm line and space resist image can be found in
Appendix B for two optical projection lithography cases. The result
17
applies only to basic planar silicon wafer surfaces. However,
practical linewidth control has been considerably more difficult due
to the highly reflective aluminized topography. Further, the
line-
width measurement techniques today for the 1.0 (jm and submicron
range are not well established. The SEM technique is the only
available tool. A 5% error was estimated by the vendor. There
fore, the total theoretical error for ideal conditions would be more
than 20%. Using a 10% process tolerable variation would be within
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